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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PURPOSE: To increase the utilization efficiency of 
light and to improve the brightness of a display image 
by converging the light from a light source through 
convex lenses in picture element units and guiding 
the light to the respective picture elements of a liquid 
crystal panel. 

CONSTITUTION: On at least one surface of each 
picture element of the liquid crystal panel P, a convex 
lens 5 which is larger than the area of each picture 
element is provided, and the light from the light 
source L is converted by the lens 5 and guided to 
each picture element of the liquid crystal panel P. 
further, the convex lens 5 uses a convex lens in an 
aspherical and asymmetrical sectional shape so as to 
have focus in a direction along the high-contrast axis 
direction of the liquid crystal panel. Consequently, the 
high-contrast axis direction is set apparently 
perpendicular to the liquid crystal panel P and the 
utilization efficiency of the light is greatly improved. 
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(ho) Efficacy 

The liquid crystal display apparatus of the present invention uses a convex lens to collect 
light from a light source before it is supplied to individual pixels on a liquid crystal panel, 
thereby significantly improving light efficiency. 

In addition, the liquid crystal display apparatus of the present invention allows for the 
provision of a pair of aspherical and asymmetric collective convex lenses for each of the 
pixels before and after the liquid crystal panel This lens configuration refracts incidental 
light into the high contrast axis direction of the liquid crystal panel. The exit light from 
the panel is again refracted to the same direction as and parallel to the incidental light. 

Furthermore, the liquid crystal display apparatus of the present invention allows for the 
use of an inter-pixel shading mask originally mounted on a liquid crystal panel for the lens 
configuration above in order to improve the display contrast. In other words, 
photo-setting resin applied on the liquid crystal panel can be exposed and patterned using 
light that passes through the liquid crystal panel having the inter-pixel shading mask to 
obtain an aspherical and asymmetric convex lens. 

(he) Embodiments 

Fig. 1 is a section view of the liquid crystal panel of the liquid crystal display apparatus of 
the present invention. The figure shows a transparent pixel electrode board 1, a 
transparent counter electrode board 2, a sealant 3 that seals both boards along their 
periphery, liquid crystals 4, and portions 40 (hatched parts) that are shaded by a shading 
mask provided on the counter electrode board 2. The elements can be the same as in the 
prior art apparatus shown in Fig. 4 

The liquid crystal apparatus of the present invention shown in this figure differs from the 
prior art apparatus in Fig.4 in that convex lenses 5, 5, ... that have a larger area than that 
of the pixels are provided on both sides of the liquid crystal panel P so that the convex 
lenses 5, 5, ... collect light from a light source before it reaches the pixels. 

In addition, the convex lenses 5, 5, ... have an aspherical and an asymmetric cross section 
so that their focal point is situated on the high contrast axis of the liquid crystal panel. 



Light that enters the panel P at a right angle is collected and refracted into the high 
contrast axis direction. The exit light from the panel P is again collected and refracted by 
the convex lenses 5, 5, ... and leaves the panel P at a right angle. 

When the liquid crystal panel P above is used for a projector, as shown in the schematic 
representation of Fig. 2, the projector is simply placed orthogonal to the light transmission 
axis of the panel P so that the light transmission axis coincides with the apparent high 
contrast axis. Parallel to the light source lens Rl, light from the light source L is 
transmitted through the vertically placed panel P along its apparent high contrast axis. 
The transmitted light is efficiently projected onto the screen S by the enlarging and 
projecting lens 2. 

Some liquid crystal panels having an active switching element such as TFT or MIM may 
have a small pixel aperture rate according to their device size and wiring, and therefore, a 
low light transmittance. The liquid crystal display apparatus of the present invention 
does not waste the light that falls somewhere other than the pixel aperture or effective 
display element. Instead, it collects such light using the lenses 5, 5, ... provided on the 
pixel surface to pass it through the pixel aperture along the high contrast axis. 
Furthermore, the light is paralleled by the lenses 5, 5, ... when it leaves the panel. This 
significantly improves light efficiency. 

An exemplary production process of the lenses 5, 5, .. . is described hereafter, with 
reference to Fig.3 © and (ro). 

As shown in Fig.3 (0, a liquid crystal panel P having a polarizing coating (not shown) on 
one side is provided with a UV setting resin on the coating side and then illuminated from 
the other side. Illumination light is allowed to pass through only the pixel areas by 
means of a shading mask for preventing light leakage from other areas than the pixels. 
The transmitted light is, as is indicated by the arrows in the figure, refracted into the high 
contrast axis direction within the panel P and then enters and sets the UV setting resin 
layer. 

Light is illuminated on the panel P from the opposite side and nearly at a right angle to it. 
More precisely, light is illuminated at a slightly off right angle in order to obtain an 
aspherical and asymmetric cross section having an area larger than that of the pixels. 



Thus, an array of lenses 5, 5, ... is created on one side of the liquid crystal panel as shown 
in Fig. 3 (ro). 

In addition, to create another array of lenses on the other side of the liquid crystal panel P, 
the first array of lenses shown in Fig. 3 (ro) is removed from the panel P along with the 
polarizing coating (not shown) and a second polarizing coating is applied to the other 
surface and a UV setting resin is applied on it. The same exposure patterning is 
performed to create the second array of lenses. Then, the first array of lenses is again 
bonded to one surface of the panel P. 
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